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(57) [Abstract ] 

Applying liquid immersion method , when it exposes, while 
moving wafer (W ), the projection optics (PL ) with it is a 
projection exposure method which can continue to fill up 
liquid (7)between wafer (W ). 

In order to put between lens (4) of tip portion of projection 
optics (PL ) to X direction, discharge nozzle (21a) with 
influx nozzle (23 a, 23b ) is arranged. 

Occasion where wafer (W ) -X is moved to direction with the 
X-Y stage (10), liquid supply apparatus (5) from supply hose 
(21) and through discharge nozzle (21 a ), the liquid (7) which 
was adjusted predetermined temperature is supplied in order 
lens (4) with to fill up between wafer (W ) surface , recovery 
tube (23) and through influx nozzle (23 a, 23b ), with liquid 
supply apparatus (6) the liquid (7) it recovers from on wafer 
(W). 

supply amount of liquid (7) and adjustment of recovered 
amount are doneaccording to mobility of wafer (W ). 




Claims 



[Claim (s )] 
[Claim 1 ] 

In projection exposure method which illumination does mask 
with open light beam ,through projection optics , transfer does 
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pattern of aforementioned mask on substrate , 

In order occasion where aforementioned substrate is 
movedalongside specified direction , to fill up between 
surface of tip portion and theaforementioned substrate of 
optical element of aforementioned substrate side of 
theaforementioned projection optics , projection exposure 
method . which designates that predetermined liquid is letflow 
alongside movement direction of aforementioned substrate as 
feature 

[Claim 2 ] 

In projection exposure apparatus which illumination does 
mask with open light beam , through projection optics , 
transfer does pattern of aforementioned mask on substrate , 

Keeping aforementioned substrate , in order to fill up between 
the surface of tip portion and aforementioned substrate of 
optical element of theaforementioned substrate side of 
substrate stage and aforementioned projection optics whichit 
moves, through pipe for supply, liquid supply apparatus 
which supplies the predetermined liquid alongside specified 
direction and, In order with pipe for aforementioned supply to 
put between the irradiated region of aforementioned open 
light beam to aforementioned specified direction ,through 
pipe for discharge which, is arranged from surface of 
aforementioned substrate aforementioned liquid liquid 
recovering equipment whichrecovers and, possessing, 

Driving aforementioned substrate stage , occasion where it 
moves theaforementioned substrate alongside aforementioned 
specified direction , projection exposure apparatus . which 
designates that it supplies aforementioned liquid and 
itrecovers as feature 

[Claim 3 ] 

Claims 

With projection exposure apparatus which is stated in 2, 

pipe for supply of aforementioned one pair and pipe 
fordischarge projection exposure apparatus , which designates 
pipe , for supply of second one pair of arrangement which 180 
deg turned substantially and that the pipe for discharge is 
provided as feature 

[Claim 4 ] 

Claims 

With projection exposure apparatus which is stated in 2 or 3, 

As for aforementioned projection exposure apparatus 
synchronization moving mask and the substrate vis-a-vis 
aforementioned projection optics , with scan exposure 
typewhich exposes, as for aforementioned specified direction 
projection exposure apparatus . whichdesignates that it is a 
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scan direction of aforementioned substrate attime of scan 
exposure as feature 

[Claim 5 ] 

Claims 

With projection exposure apparatus which is stated in 2, 3 or 
4, 

In direction which crosses in aforementioned specified 
direction , with the pipe for supply of aforementioned one pair 
and arrangement whichcorresponds to pipe for discharge one 
pair , or mutually inverting projection aligner . which 
designates pipe , for supply of 2 pairs which aredone and that 
pipe for discharge is provided as feature 

[Claim 6 ] 

Claims 

Either 2 - 5 with projection exposure apparatus which is stated 
in one section, 

projection exposure leaving which designates that it possesses 
supply amount , ofaforementioned liquid and control system 
which adjusts recovered amount according to mobility of 
aforementioned substrate stage as feature. 

[Claim 7 ] 

Claims 

Either 2 - 6 with projection exposure apparatus which is stated 
in one section, 

As for aforementioned liquid which is supplied to surface of 
theaforementioned substrate projection exposure apparatus . 
which designates that it is a pure water , ora fluorine type 
inert liquid which was adjusted predetermined temperature as 
feature 

[Claim 8 ] 

Image of pattern of illumination system and aforementioned 
mask whichirradiate open light beam to mask keeping 
projection optics and theaforementioned substrate which 
transfer are done on substrate , way itfills up between surface 
of tip portion and aforementioned substrate of optical element 
of aforementioned substrate side of substrate stage and 
theaforementioned projection optics which it moves, Through 
pipe for supply, liquid supply apparatus which supplies 
predetermined liquid alongside specified direction and, In 
order with pipe for aforementioned supply to put between the 
irradiated region of aforementioned open light beam to 
aforementioned specified direction ,through pipe for 
discharge which, is arranged from surface of aforementioned 
substrate aforementioned liquid manufacturing method . of 
the projection exposure apparatus which designates that to 
unite liquid recovering equipment which recovers with the 
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specified positional relationship as feature 

[Claim 9 ] 

Claims 

With manufacturing method of device which uses projection 
exposure method which is stated in 1, illumination to do mask 
with open light beam , pattern of theaforementioned mask 
through projection optics , including exposure step which the 
transfer is done on substrate , In said exposure step , in order 
occasion where aforementioned substrate ismoved alongside 
specified direction , to fill up between surface of tip portion 
and aforementioned substrate of optical element of 
aforementioned substrate side of aforementioned projection 
optics , manufacturing method . of device which 
designatesthat predetermined liquid is let flow alongside 
movement direction of aforementioned substrate as feature 

[Claim 10] 

In projection exposure method which illumination does mask 
with open light beam ,through projection optics , exposes 
substrate with aforementioned open light beam , 

In order to fill up between aforementioned projection optics 
and theaforementioned substrate , as liquid is let flow, 
direction whichlets flow aforementioned liquid according to 
movement direction of theaforementioned substrate projection 
exposure method . which designates that it changes asfeature 

[Claim 1 1 ] 

Claims 

With projection exposure method which is stated in 10, 

When supply rate of aforementioned liquid into first 
component of movement direction of aforementioned 
substrate and second component which crosses in said 
movement direction dividing, when aforementioned first 
component is movement direction and reverse direction 
of aforementioned substrate , in order to become size below 
the predetermined allowable value , projection exposure 
method . which designates that aforementioned liquid is 
letflow as feature 

[Claim 12 ] 

Claims 

With projection exposure method which is stated in 10, 

Paralleling to movement direction of aforementioned 
substrate almost, projection exposure method . which 
designates that it lets flow aforementioned liquid to thesame 
direction as feature 

[Claim 13 ] 
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Claims 

With projection exposure method which is stated in 12, 

projection exposure method . which designates that 
aforementioned substrate is exposedwith step *and ""repeat 
system , or step *and *scanning system parallels to stepping 
direction of theaforementioned substrate almost and lets flow 
aforementioned liquid asfeature 

[Claim 14 ] 

Claims 

With projection exposure method which is stated in 12 or 13, 

relative positioning doing aforementioned mask and 
aforementioned substrate respectively vis-a-vis 
aforementioned open light beam , as it scansexposes 
aforementioned substrate with aforementioned open light 
beam , during aforementioned scan exposing, almost 
paralleling to scandirection of aforementioned substrate , 
projection exposure method . which designates thatit lets flow 
aforementioned liquid as feature 

[Claim 15] 

Claims 

Either 10 - 14 with projection exposure method which is 
stated in one section, 

projection exposure method . which designates that flow of 
aforementioned liquid is adjusted according to mobility of 
aforementioned substrate asfeature 

[Claim 16 ] 

Claims 

Either 10-15 making use of projection exposure method 
which is stated in one section.device pattern on substrate 
transfer manufacturing method . of device whichdesignates 
that lithography step which possesses step which is done 
isincluded as feature 

[Claim 17 ] 

illumination to do mask with open light beam , through 
projection optics , withaforementioned open light beam in 
projection exposure apparatus which transfer is done on 
substrate , 

In order to fill up between aforementioned projection optics 
and theaforementioned substrate , as liquid is let flow, 
direction whichlets flow aforementioned liquid according to 
movement direction of theaforementioned substrate projection 
exposure method . which designates that it has liquid supply 
apparatus which changes as feature 

[Claim 18 ] 
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Claims 

With projection exposure apparatus which is stated in 17, 

When supply rate of aforementioned liquid into first 
component of movement direction of aforementioned 
substrate and second component which crosses in said 
movement direction dividing, as for aforementioned liquid 
supply apparatus , when aforementioned first component is 
movement direction and reverse direction of aforementioned 
substrate , in orderto become size below predetermined 
allowable value , projection exposure apparatus . which 
designates thataforementioned liquid is let flow as feature 

[Claim 19 ] 

Claims 

With projection exposure apparatus which is stated in 18, 

projection exposure apparatus .which designates that 
aforementioned substrate is exposedwith step *and *repeat 
system , or step *and *scanning system as for aforementioned 
liquid supply apparatus , almostparalleling to stepping 
direction of aforementioned substrate , letsflow 
aforementioned liquid as feature 

[Claim 20 ] 

Claims 

Either 17-19 with projection exposure apparatus which is 
stated in one section, 

projection exposure apparatus . which designates that 
furthermore it has aforementioned mask and stage *system 
which relative positioning does aforementioned substrate 
respectively vis-a-vis aforementioned open light beam , as for 
theaforementioned liquid supply apparatus , during scan 
exposing of aforementioned substrate , almost paralleling to 
movement direction of aforementioned substrate , itlets flow 
aforementioned liquid as feature 

[Claim 21 ] 

Claims 

Either 17-20 with projection exposure apparatus which is 
stated in one section, 

Aforementioned projection optics and liquid which is 
supplied between theaforementioned substrate projection 
exposure apparatus . which designates that furthermore ithas 
liquid recovering equipment which recovers as feature 

[Claim 22 ] 

Claims 

With projection exposure apparatus which is stated in 21, 
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supply port of aforementioned liquid supply apparatus and 
recovery opening of theaforementioned liquid recovering 
equipment putting between irradiated region of 
aforementionedopen light beam , projection exposure 
apparatus . which designates that it is arranged as feature 



[Description of the Invention ] 
technical field 

As for this invention, for example semiconductor element , 
image pickup element (CCD array etc), with lithography step 
in order to produce the liquid crystal display element , or thin 
film magnetic head or other device it regards projection 
exposure method , and device which are usedin order on 
substrate of photosensitive transfer to do mask 
pattern , furthermore details regard projection exposure 
method and device which use the liquid immersion method . 

background technology 

When producing semiconductor element etc, resist through 
projection optics , with theimage of pattern of reticle as mask 
as substrate of photosensitive projection exposure apparatus 
which transfer is done is used for each shot region on wafer 
(Or glass plate etc) which application is done. 

Until recently, exposure apparatus (stepper ) of reduced 
projection type of step *and *repeat system was used as 
projection exposure apparatus „ but recently synchronization 
scanning reticle and wafer ,also projection exposure apparatus 
of step *and *scanning system which exposes is observed. 

resolution of projection optics which is prepared for 
projection exposure apparatus when extentwhere exposure 
wavelength which is used becomes short, in addition number 
of openings of projection optics is large becomes high. 

Because of that, exposure wavelength which is used with 
projection exposure apparatus attendant upon narrowing of 
integrated circuit has done trend to short wavelengths yearly, 
has increased also number of openings of projection optics . 

And, presently exposure wavelength of mainstream is 248 nm 
of KrF excimer laser , butfurthermore as much as 193 nm of 
ArFexcimer laser of short wavelength are beingutilized. 

In addition, case where it exposes, becomes in same way also 
focus depth (DOF ) important as resolution . 

resolution R, and focus depth ;de are displayed with formula 
below each one. 



R = k1 ■ 



A/NA 



(1) 
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It is a number. 

Formula (l), Formula (2) from, in order to raise resolution R, 
making exposure wavelength ;la short, when it enlarges 
number of openings NA, it understands that focus depth ;de 
becomes narrow. 

From until recently, with projection exposure apparatus , it 
adjusts surface of wafer to image plane of projection optics 
with autofocus system and is packed and exposes, but for that 
focus depth ;de certain extent wide thing is desirable. 

Then, until recently phase shifting reticle method, 
deformation illumination method and the multilayer resist 
method etc, proposition which makes focus depth wide 
substantiallyhas done. 

As though it is a description above, with conventional 
projection exposure apparatus , with trend to short 
wavelengths , of exposure light and increase of number of 
openings of projection optics , focus depth has 
becomenarrow. 

And, because it corresponds to more trend to high integration 
of semiconductor integrated circuitry , also thefurther short 
wavelength of exposure wavelength is researched, with this 
way focus depth becomes too narrow, there is a possibility 
margin at time of exposure operation becoming insufficient. 

Then, making exposure wavelength short substantially, liquid 
immersion method is proposed as method which at same time 
makes focus depth wide. 

As lower face of projection optics and between wafer surface 
it fills up this, withwater or organic solvent or other liquid , 
wavelength of exposure light in liquid , resolution improves 
making use of fact that it becomes l in times (n usually with 
refractive index of liquid 1.2 - 1. 6) in the air , it is something 
which expands focus depth to approximately n times . 

When this liquid immersion method , we apply to projection 
exposure apparatus of step *and *repeat system simply, 
afterending exposure of shot region of one , when step 
moving wafer in following shot region , because liquid comes 
out ofbetween projection optics and wafer , Again you must 
become to supply liquid , in addition, there is a undesirable 
that also recovery of liquid becomes difficult. 

In addition, when liquid immersion method is applied to 
projection exposure apparatus of step *and *scanning system 
temporarily, while moving wafer , in order to expose, while 
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moving wafer , it is necessary for liquid to be filled up 
between the projection optics and wafer , 

You consider this invention to such point, when liquid 
immersion method is applied,projection optics and wafer 
doing relative positioning , you designate that projection 
exposure method which between projection optical system 
and wafer can fill up liquid instability is offered as objective . 

In addition, this invention designates also that efficient 
manufacturing method , of projection exposure apparatus , 
this projection exposure apparatus which can execute kind of 
projection exposure method and manufacturing method of 
device of the high functionality which uses its kind of 
projection exposure method are offered as objective . 

Disclosure of Invention 

In projection exposure method which with this invention 
mask (R ) illumination does the first projection exposure 
method , with open light beam , through projection optics 
(PL ), transfer does the pattern of mask (R ) on substrate (W ), 
substrate (W ) is moved alongside specified direction 
occasion where, In order to fill up between surface of tip 
portion and substrate (W ) of optical element (4) of substrate 
(W ) side of projection optics (PL ), it is somethingwhich it 
tries to let flow predetermined liquid (7) alongside movement 
direction of the substrate (W ). 

According to first projection exposure method of such this 
invention , liquid immersion method being applied,because 
distal end of projection optics (PL ) and between substrate 
(W ) are filledup with liquid , trend to short wavelengths it is 
possible in 1 /n times (As for n refractive index of liquid ) of 
the wavelength , in wavelength of exposure light in substrate 
surface in air furthermore focus depth it spreads to 
approximately n times in comparison with in the air . 

In addition, in order to occasion where substrate is 
movedalongside specified direction , to let flow liquid 
alongside movement direction of the substrate , tip portion of 
projection optics and between surface of substrate arefilled up 
even occasion where substrate is moved by liquid . 

In addition, when foreign matter has deposited on substrate , 
sink itcan go away from foreign matter which on substrate has 
deposited with the liquid . 

Keeping substrate (W ) in projection exposure apparatus 
which next, with this invention mask (R ) illumination does 
first projection exposure apparatus , with open light beam , 
through projection optics (PL ), transfer does pattern of mask 
(R ) on substrate (W ), the substrate stage which it moves (9 
and 10) with, In order to fill up between surface of tip portion 
and substrate (W ) of optical element (4) of substrate (W ) 
side of projection optics (PL ), through pipe (21a) for supply, 
liquid supply apparatus which supplies predetermined liquid 
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(7) alongside the specified direction (5) with, In order with 
pipe (21a) for supply to put between irradiated region ofopen 
light beam to specified direction , through pipe (23 a, 23b ) 
for dischargewhich, is arranged occasion where liquid (7) it 
possesses the liquid recovering equipment (6) which recovers 
from surface of substrate (W ), drives the substrate stage (9 
and 10) and it moves substrate (W ) alongside specified 
direction , It is something which supplies liquid (7) and 
recovers. 

According to first projection exposure apparatus of such this 
invention , first projection exposure method of this invention 
canbe executed by fact that those pipe are used. 

In addition, pipe for supply of one pair (21a) and pipe (23 a, 
23b ) fordischarge pipe for supply of second one pair of 
arrangement which 180 deg turned substantially (22 a ), and it 
is desirable to provide the pipe (24 a, 24b ) for discharge. 

In case of this , when substrate (W ) moving to direction 
whichis opposite to predetermined direction, by fact that pipe 
of the one pair of the latter is used, it is possible to continue to 
fill up the tip portion of projection optics (PL ) and between 
surface of substrate (W ) instability with liquid (7). 

In addition, as for projection exposure apparatus mask (R ) 
with synchronization moving the substrate (W ) vis-a-vis 
projection optics (PL ), when it is a scan exposure type 
whichexposes, as for specified direction it is desirable to be a 
scan direction of substrate (W ) at time of scan exposure. 

In case of this , continuing also during scan exposing, it 
ispossible, to continue to fill up tip portion of optical element 
(4) of the substrate (W ) side of projection optics (PL ) and 
between surface of substrate (W )with liquid (7), it is possible 
to expose in high precision andstability. 

In addition, in direction which crosses in specified direction , 
pipe for supply of one pair (21a) and one pair , or pipe for 
supply of 2 pairs (27 a ), and it is desirable with arrangement 
which correspondsto pipe (23 a, 23b ) for discharge to provide 
pipe (29 a, 29b ) for discharge. 

In case of this , to continue to fill up tip portion of projection 
optics (PL )and between surface of substrate (W ) with liquid 
(7) it is possible substrate (W ) even occasion where step it 
moves to thedirection which crosses in predetermined 
direction. 

In addition, it is desirable to possess supply amount , of liquid 
(7) and control system (14) which adjusts recovered amount 
according to mobility of the substrate stage . 

Namely, when mobility of for example is fast, supply amount 
increasing,when mobility is slow, by fact that it decreases 
supply amount , tofill up uniformly in tip portion of projection 
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optics (PL ) and between surface of substrate (W ) without 
wastefulness it is possible liquid . 

In addition, liquid (7) which is supplied to surface of substrate 
(W ) is pure water , or fluorine type inert liquid which was 
adjusted predetermined temperature as the one example . 

In case of this , as for pure water with for example 
semiconductor manufacturing plant with readily 
available ,there is not a problem even in environmental . 

In addition, because liquid (7) temperature regulation it is 
done, it ispossible, to do temperature regulation of substrate 
surface , while exposing it is possibleto prevent thermal 
expansion of substrate (W ) at heat which it occurs. 

As for liquid as for one where transmittance for open light 
beam ishigh being desirable it is proper, but, as for operation 
distance of projection optics because it is short, absorbed 
amount of open light beam quite islittle even with when 
transmittance is low. 

Next, with this invention as for manufacturing method of 
projection exposure apparatus , illumination system 
which irradiates open light beam to mask (R ) (1) with, image 
of the pattern of mask projection optics which transfer is done 
(PL ) with, keeping substrate (W ) on substrate (W ), substrate 
stage which it moves (9 and 10) with, In order to fill up 
between surface of tip portion and substrate ( W ) of optical 
element (4) of substrate (W ) side of projection optics (PL ), 
through pipe (21a) for supply, liquid supply apparatus which 
supplies predetermined liquid (7) alongside the specified 
direction (5) with, In order with pipe (21a) for supply to put 
between irradiated region (4)of open light beam to specified 
direction , through pipe (23 a, 23b ) for dischargewhich, is 
arranged from surface of substrate (W ) liquid (7) tounite 
liquid recovering equipment (6) which recovers with specified 
positional relationship , it is somethingwhich produces 
projection exposure apparatus . 

In addition, with this invention with manufacturing method of 
device which uses the first projection exposure method of this 
invention , mask (R ) illumination to do manufacturing 
method of the first device , with open light beam , pattern of 
mask (R ) through the projection optics (PL ), including 
exposure step which transfer is done on substrate (W )of 
device use , In this exposure step substrate (W ) is moved 
alongside specified direction in order theoccasion where, to 
fill up between surface of tip portion and the substrate (W ) of 
optical element (4) of substrate (W ) side of projection optics 
(PL ), beingsomething which it tries to let flow predetermined 
liquid (7) alongside movement direction of substrate (W ), 
liquid immersion method being applied, it can produce device 
of high functionality . 
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As next, with this invention mask (R ) illumination it does 
second projection exposure method , withopen light beam , 
through projection optics (PL ), in order to fill up between the 
projection optics and substrate in projection exposure method 
which exposes substrate (W ) with theopen light beam , it lets 
flow liquid (7), direction which lets flow liquid according to 
movement direction of substrate it is something 
whichchanges. 

According to second projection exposure method of such this 
invention , liquid immersion method being applied,because 
projection optics (PL ) with between of substrate (W ) is filled 
up with liquid , trend to short wavelengths it is possible in 1 /n 
times (As for n refractive index of liquid ) of wavelength , in 
wavelength of exposure light in substrate surface in air 
furthermore focus depth it spreads to approximately n times in 
comparison with in air , 

In addition, to fill up liquid between projection optics and 
substrate itis possible direction which lets flow liquid 
according to the movement direction of substrate even with 
when movement direction of substrate changes in frequent by 
changing. 

In addition, when supply rate of liquid (7) into first 
component of the movement direction of substrate and second 
component which crosses in movement direction 
dividing,when first component is movement direction and 
reverse direction of substrate (W ), in order tobecome size 
below predetermined allowable value , it is desirable to let 
flow the liquid (7). 

Now, because movement direction of substrate (W ) and 
velocity component of liquid of reverse direction become 
small, liquid can be supplied smoothly. 

In addition, almost paralleling to movement direction of 
substrate (W ), it ismore desirable to let flow liquid (7) to 
same direction. 

In addition, when substrate (W ) is exposed with step *and 
*repeat system or step *and *scanning system ,almost 
paralleling to stepping direction of substrate (W ), it 
isdesirable to let flow liquid (7). 

In addition, mask (R ) with relative positioning doing 
substrate (W Respectively vis-a-vis open light beam , as it 
scans exposes substrate with open light beam , during scan 
exposing, almost paralleling toscan direction of substrate , it 
is desirable to let flow liquid (7). 

In addition, it is desirable to adjust flow of liquid (7)according 
to mobility of substrate (W ). 

Next, manufacturing method of second device device pattern 
being something which includes lithography step which 
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possesses step which transfer is done on the substrate (W ) 
making use of second projection exposure method of this 
invention , liquid immersion method beingapplied, can 
produce device of high functionality with this invention . 

As next, with this invention mask (R ) illumination it does 
second projection exposure apparatus , withopen light beam , 
through projection optics (PL ), in order to fill up between the 
projection optics and substrate in projection exposure 
apparatus which with open light beam is exposedon substrate 
(W ), it lets flow liquid (7), Direction which lets flow liquid 
according to movement direction of the substrate it is 
something which has liquid supply apparatus (5) which 
changes. 

According to second projection exposure apparatus of such 
this invention , it is possible, to execute second projection 
exposure method of this invention , it is possible even with 
when movement direction of the substrate changes in frequent 
to fill up liquid between projection optics and substrate . 

In addition, mask (R ) with furthermore it has stage * system 
(RST, 9-1 1 ) which relative positioning does substrate (W ) 
respectively vis-a-vis open light beam , asfor liquid supply 
apparatus (5), during scan exposing of substrate , 
almostparalleling to movement direction of substrate , it is 
desirable to let flow the liquid (7). 

In addition, projection optics (PL ) with liquid (7) which is 
supplied between substrate (W ) it is desirable furthermore to 
have liquid recovering equipment (6) whichrecovers. 

In addition, supply port of liquid supply apparatus (5) (21a) 
with recovery opening of liquid recovering equipment (6) (23 
a, 23b ) with putting between irradiated region of open light 
beam , it isdesirable to be arranged. 

preferred embodiment in order to execute invention 

Referring to Figure 1 -Figure 4 below, concerning one 
example of preferred embodiment of the this invention , you 
explain. 

this example is something which when it exposes with 
projection exposure apparatus of the step *and *repeat 
system , applies this invention . 

Figure 1 shows conceptual configuration of projection 
exposure apparatus of this example , KrF excimer laser light 
source , optical *integrator in the this Figure 1 , as exposure 
light source (homogenizer ), from illuminating optical system 
1 which includes field of view drawing , condenser lens etc 
exposure light IL which consists of ultraviolet pulsed light of 
wavelength 248nm which injection isdone, pattern which is 
provided in reticle R illumination does. 

As for pattern of reticle R, both sides (Or on wafer W side one 
side ) telecentric through projection optics PL, with 
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predetermined projection draw ratio ;be (As for;be for 
example 1/4 , 1/5 etc) photoresist reduced projection is done 
in exposed region on the wafer W which application is done. 

Furthermore, ArFexcimer laser beam (wavelength 193nm ), 
F<sub>2</sub>laser beam (wavelength 1 57nm ) and it is 
possible to use the i-line (wavelength 365nm ) etc of mercury 
lamp as exposure light IL. 

Below, you take Z-axis parallel to optical axis AX of 
projection optics PL, in the Z-axis take "Y" axis 
vertically to paper surface of Figure 1 inside the perpendicular 
plane , take "X" axis parallel to paper surface of 
Figure 1 and explain, 

reticle R is kept on reticle stage RST, mechanism which X 
direction and Y direction, fine motion does reticle R to reticle 
stage RST in rotational direction isinstalled, 

two-dimensional position , and rotation angle of reticle stage 
RST are measured by real time with laser interferometer (not 
shown in the diagram ), main control system 14 does 
registration of reticle R on basisof this measured value . 

On one hand, wafer W through wafer holder (not shown in the 
diagram ), focus position of wafer W (position of Z 
direction)and is locked on Zstage 9 which controls tilt angle . 

Zstage 9 image plane of projection optics PL is locked on 
X-Y stage 10 whichsubstantially is moved alongside parallel 
XY plane , X-Y stage 10 is mounted on base 1 1 . 

Controlling focus position of wafer W (position of Z 
direction), and tilt angle , surface on the wafer W it adjusts 
Zstage 9, to image plane of projection optics PL with 
autofocus system , and and auto leveling system is packed, 
X-Y stage 10 does registration of X direction, and Y direction 
of wafer W. 

two-dimensional position , and rotation angle of Zstage 9 
(wafer W ) are measured to real time with laser interferometer 
13 as position of portable mirror 12. 

From main control system 14 control information is sent by 
wafer stage drive train 15 on basis of the this measurement 
result , wafer stage drive train 15 controls operation of Zstage 
9, X-Y stage 10 on basis ofthis. 

step it moves each shot region on wafer W when exposing in 
sequential exposure position operation which exposes pattern 
image of reticle R being step *and *repeat system , itis 
repeated. 

Well, with this example making exposure wavelength short 
substantially, in order asit improves, for focus depth to make 
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resolution wide substantially, itapplies liquid immersion 
method . 

Because of that, while transfer doing pattern image of reticle 
R at leaston wafer W, predetermined liquid 7 is filled up in 
surface of wafer W andbetween end face (lower face ) of lens 
4 of wafer side of projection optics PL. 

projection optics PL, has had tube 3 and lens 4 which store up 
other optical system , in order for liquid 7 to contact only lens 
4, configuration isdone. 

Now, corrosion etc of tube 3 which consists of metal 
ispre vented. 

Furthermore, projection optics PL consists of optical element 
of plural whichincludes lens 4, lens 4 attachment and 
detachment (Exchange) is locked unrestrictedly in 
bottommost part of tube 3. 

With this example , it is closest to wafer W, namely optical 
element whichcontacts with liquid 7 is designated as lens , but 
optical element isnot something which is limited to lens , it is 
good even with the optics plate (parallel planar sheet etc) 
which is used for adjustment of optical property , for example 
aberration (spherical aberration , frame aberration etc) of the 
projection optics PL. 

In addition, originating in deposit etc of impurity in scatter 
particle , or liquid 7 which with lighting of exposure light 
occurs from resist , because surface of optical element which 
contacts liquid 7 becomes dirty,it is necessary periodically to 
exchange optical element . 

But, when optical element which contacts liquid 7 is lens , 
timewhen cost of replacement part is high, at same time 
requires in exchangebecomes long, causes rise of maintenance 
cost (running cost ) and decrease of throughput . 

It is possible then to make inexpensive parallel planar sheet 
optical element which contacts with liquid 7, in comparison 
with for example lens 4, 

In case of this , illumination , of exposure light on 
transmittance , wafer W of projection optics PL and 
uniformity etc of illumination distribution substance (for 
example silicon-based organic substance etc) which decreases 
depositingto parallel planar sheet in conveyance, assembly of 
projection exposure apparatus and when etcadju sting, 
immediately before supplying liquid 7, just to exchange 
parallel planar sheet to be necessary, When optical element 
which contacts with liquid 7 is designated as the lens 
comparing, there is also a benefit that exchange cost 
*becomes low. 
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In addition, with this example for example pure water is used 
as liquid 7. 

pure water , as it can procure easily with such as 
semiconductor manufacturing plant in large scale , is a benefit 
which is not adverse effect for photoresist and optical lens etc 
on the wafer . 

In addition, pure water as there is not a adverse effect for 
environment , because content of impurity quite is low, can 
expect also surface , of the wafer and action which washes 
surface of lens 4. 

And, refractive index n of pure water (Water) wavelength for 
exposure light of 250 nm extent is acquired because almost 
1.4 is, KrF excimer laser light wavelength 248nm , on wafer 
W the trend to short wavelengths being done in 1 /n, , namely 
approximately 177 nm high resolution . 

Furthermore, when if focus depth because approximately n 
times , namelyapproximately it is expanded in 1 .4 -fold in 
comparison with in the air , when you use in air and it could 
guarantee focus depth of same extent , from number of 
openings of projection optics PL it is possible to increase, the 
resolution improves even in this point, 

liquid 7 with liquid supply apparatus 5 which consists of 
tank , pressurizing pump , temperature control device etc of 
liquid ,through predetermined discharge nozzle etc, on wafer 
W is supplied with state which temperature control is done, 
with liquid recovering equipment 6 which consists of tank and 
the suction pump etc of liquid , through predetermined influx 
nozzle etc, recoversfrom on wafer W. 

temperature of liquid 7 is set to temperature and same extent 
inside the chamber where projection exposure apparatus of for 
example this example is stored up. 

In order and, to put between tip portion of lens 4 of projection 
optics PL to X direction, 2 influx nozzle 23a, 23b (Figure 2 
reference) where discharge nozzle 21a, and tip portion where 
tip portion had become thin become wide are arranged, 
discharge nozzle 21a through supply hose 21, is connected by 
liquid supply apparatus 5, influx nozzle 23a, 23b through the 
recovery tube 23, is connected to liquid recovering equipment 
6. 

Furthermore, in order almost 180 deg to put between tip 
portion of the nozzle , and its lens 4 of one pair of 
arrangement which turned to Y direction, also discharge 
nozzle , and influx nozzle of 2 pairs whichare arranged have 
been arranged discharge nozzle 21a, and influx nozzle 23a, 
23b of the one pair . 

Figure 2 positional relationship of tip portion 4A and wafer W 
of lens 4 of the projection optics PL of Figure 1 and shows 
discharge nozzle of 2 pairs which put between tip portion 4A 
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to X direction and influx nozzle , in +Xdirection side 
discharge nozzle 21a of tip portion 4A, influx nozzle 23a, 23b 
is respectively arranged in -Xdirection side in this Figure 2 . 

In addition, influx nozzle 23a, 23b passes by tip portion 
4Acenter and in "X" axis isarranged in a way 
which was opened in fan vis-a-vis parallel axis . 

And, almost 180 deg discharge nozzle 22a, and influx nozzle 
24a, 24b of another one pair are arranged discharge nozzle 
21a, and influx nozzle 23a, 23b of one pair with 
thearrangement which turned, discharge nozzle 22a through 
supply hose 22, is connected by liquid supply apparatus 5, 
influx nozzle 24a, 24b through recovery tube 24, is connected 
to the liquid recovering equipment 6. 

In addition, Figure 3 positional relationship of tip portion 4A 
of lens 4 of the projection optics PL of Figure 1 and shows 
discharge nozzle of 2 pairs which put between tip portion 4A 
to Y direction and influx nozzle , in +Ydirection side 
discharge nozzle 27a of tip portion 4A, influx nozzle 29a, 29b 
is respectively arranged in -Ydirection side in this Figure 3 „ 
discharge nozzle 27a through supply hose 27, is connected by 
liquid supply apparatus 5, Influx nozzle 29a, 29b through 
recovery tube 29, is connected to liquid recovering equipment 
6. 

In addition, almost 180 deg discharge nozzle 28a, and influx 
nozzle 30a, 30b of another one pair are arranged discharge 
nozzle 27a, and influx nozzle 29a, 29b of one pair 
witharrangement which turned, discharge nozzle 28a through 
supply hose 28, isconnected by liquid supply apparatus 5, 
influx nozzle 30a, 30b through recovery tube 30, isconnected 
to liquid recovering equipment 6. 

liquid supply apparatus 5, through at least one of supply hose 
21, 22, 27, 28, supplies liquid which temperature control is 
done to tip portion 4A of lens 4 and between wafer W, the 
liquid recovering equipment 6 recovers through at least one of 
recovery tube 23, 24, 29, 30, liquid . 

Next, you explain concerning supply and recovery method of 
liquid 7. 

In Figure 2 , in direction (-X direction) of arrow 25A which is 
shown with the solid line case where step it moves wafer W, 
liquid supply apparatus 5, through supply hose 21, and 
discharge nozzle 21a, supplies liquid 7 to tip portion 4A of 
lens 4 and between wafer W. 

And, liquid recovering equipment 6, through recovery tube 23 
and influx nozzle 23a, 23b, liquid 7 recovers from on wafer 
W. 

At time of this , as for liquid 7 on wafer W we are flowingto 
direction (-X direction) of arrow 25B, between of wafer W 
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and lens 4 is filled up in stability by liquid 7. 

On one hand, in direction (+X direction) of arrow 26A which 
is shown with the double-dot, dashed line case where step it 
moves wafer W, liquid supply apparatus 5 using the supply 
hose 22, and discharge nozzle 22a, supplies liquid 7 to tip 
portion 4A of lens 4 andbetween wafer W, liquid recovering 
equipment 6 recovers using recovery tube 24 and influx 
nozzle 24a, 24b, liquid 7. 

At time of this , as for liquid 7 on wafer W we are flowingto 
direction (+X direction) of arrow 26B, between of wafer W 
and lens 4 is filled up by liquid 7. 

this way, with projection exposure apparatus of this example , 
because mutually discharge nozzle and influx nozzle of 2 
pairs which inverting are done are providedin X direction, 
when wafer W +X direction, or -X itmoves to which of 
direction, it is possible to continue to fill upbetween wafer W 
and lens 4 in stability with liquid 7. 

In addition, liquid 7 on wafer W in order to flow, is a benefit 
thateven with when foreign matter (scatter particle from resist 
is included. ) has deposited on wafer W sink itcan go away 
foreign matter with liquid 7. 

In addition, liquid 7 because it is adjusted predetermined 
temperature by liquid supply apparatus 5,temperature 
regulation of wafer Wsurface being done, at heat which it 
occurs thecase of exposure superposes with thermal 
expansion of wafer and it ispossible to prevent precision or 
other decrease. 

Therefore, like alignment of EGA (enhance jp7 *global 
*alignment ) system , it superposes evenwith when in 
alignment and exposure there is a time difference with 
thermal expansion of wafer and it is possible to prevent fact 
that precision decreases. 

In addition, because liquid 7 is flowing to same direction as 
thedirection which moves wafer W, it can recover with 
projection exposure apparatus of the this example , liquid 
which absorbed foreign matter and heat without residence 
doing on exposed region of directly below of tip portion 4A 
of lens 4. 

In addition, wafer W case where step it moves in Y direction 
it supplies liquid 7 from Y direction and it recovers. 

Namely, in direction (-Y direction) of arrow 3 1 A which is 
shown with solid line in Figure 3 case where step it moves 
wafer , liquid supply apparatus 5 through supply hose 27, 
discharge nozzle 27a, supplies liquid , liquid recovering 
equipment 6 using recovery tube 29 andinflux nozzle 29a, 
29b, recovers liquid , liquid on exposed region of the directly 



Page 20 Paterra® InstantMT® Machine Translation (US Patent 6,490,548). Translated and formatted in Tsukuba, Japan. 



WO1999049504A1 



2002-10-22 



<DUT(Dmftm®±tttv 3ib o)^[r](-y u 

ICI4, 28, #ltiSX)\, 28a, @J|X§ 30 & 

l/SKA/TOU 30a,30b £ttfflLT*tt©ttlft» 
lf®W'iit>tisim\£9tiw® 4A ©IT© 

<hl^]*$|::, ^x/\ W £+Y *|Sk XI4-Y £[*]© 

>x 4 ©5tiSSP 4a t©ra**<* 7 iccfcygsfc 

X XI* Y *fii^6St(* 7 

icoivcawi-4o 

HI 4 14, &fjft¥& PL ©Ul/X 4 <t^X/\ W 
L, Z©0 4 Clfcl^T, ^X/\ W I4&EP 25A © 

*[Ri(-x ^rS])(c^KjLrfcy,^tti/x>iu 21a 

cfcyttf6**lfc5ftft 7 14, £EP 25B ©^|S3(-X 
*|S|)ICSIE*1. SIEA/X;U 23a,23b IZ&MJUZ 

U>X 4 WX/ \ W t©|H|I^S-r 7 © 

a^^x/\ w ©»»*ifti-sicftofcto. 

*«T?l4*tt 7 ©tt$&M Vi(m 3 /s)i:lHlJ|R* Vo 
(m 3/ s)<!:£3lL<U XY X^-i> 10(^7X/\ 
W)©»»«« v Ictbffj-r*cfc3l3*{* 7 ©tt 
Vi, SWbM Vo ^iaS1-^o 



HP*b, ±ft\m& 14 I4*{* 7 ©tt*SJ: Vi, &tf 

mux* vo * , KiToaiCcfcyas-r*. 

Vi-Vo-D-vd (3) 

El 1 I^T£dl::D(4b>X4©5fciigfl 
©6f§(m), v (4 XY Xf-y 10 ©5£Kj»j£(m 
/s), d PL ©fEBj£S8f(9-*> 

xy Xf-i/ 10 £ Xx^iWfcfiiSoa* v 
14, 14 iZcfeyH5E**L*t,©-e*y . d 

fttf d l4*i6A**KTl**fcft. (3)xtlcS^ 

t^r 7 ©wifrt vi, ai/igjix* vo 

fSCt-C?, El 4 ©U>X4 <h^x/\ w tOIHllw 
I4*(* 7 A<«l*5«fc$*l*o 

ft fc\ SKJfc^R PL ©fFKSEiSt d (4, SIBJfc 



below of tip portion 4A of lens 4 flows to direction (-Y 
direction) of the arrow 31 B. 

In addition, wafer +Y case where step it moves indirection, 
using supply hose 28, discharge nozzle 28a, recovery tube 30 
and influx nozzle 30a, 30b, supply and recoveryof liquid are 
done, liquid on exposed region of directly below of the tip 
portion 4A +Y flows to direction. 

Because of this, in same way as case where wafer W is 
movedto X direction, +Y direction, or -Y, wafer W and 
fillingup between tip portion 4A of lens 4 with liquid 7 can do 
wafer W evenwith when it moves to which of direction. 

Furthermore, not only a nozzle which supplies liquid 7 from 
X direction or Y direction and recovers, it is possible to 
provide nozzle in order it supplies liquid 7 from direction of 
for example inclination and to recover. 

Next, you explain concerning supply amount , of liquid 7 and 
control method of recovered amount . 

Figure 4 shows circumstances of lens 4 of projection optics 
PL and supplyand recovery of liquid 7 to between wafer W, 
we are moving the wafer W to direction (-X direction) of 
arrow 25A in this Figure 4 , liquid 7 whichis supplied flows to 
direction (-X direction) of arrow 25B from discharge nozzle 
21a,recovers by influx nozzle 23a, 23b. 

Because lens 4 and quantity of liquid 7 which exists between 
wafer W it maintains uniformly even while moving wafer W, 
with the this example supply amount Vi of liquid 7 
(m<sup>3</sup>/s ) with recovered amount Vo 
(m<sup>3/</sup>s ) is made equal, inaddition, in order to be 
proportionate to mobility v of X-Y stage 10 (wafer 
W ),supply amount Vi, and recovered amount Vo of liquid 7 
are adjusted. 

Namely, it decides main control system 14 supply amount Vi, 
and recovered amount Vo of the liquid 7, with formula below. 

Vi=Vo=D*v*d (3) 

As here, shown in Figure 1 , as for D diameter of tip portion 
of lens 4 (m ), as for v mobility of X-Y stage 10 (m/s ), as for 
d it is an operation distance ( [waakingu ] * [disutansu ] ) (m ) 
of projection optics PL. 

When step moving X-Y stage 10, as for velocity v, being 
somethingwhich is set by main control system 14, as for D 
and d becauseit is inputted beforehand, by supply amount Vi, 
of liquid 7 and fact that recovered amount Vo is adjusted, 
liquid 7 usual is filled up in lens 4 of Figure 4 and between 
wafer W on basis of Formula (3). 

Furthermore, as for operation distance d of projection optics 
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PL, stabilizing the liquid 7 between projection optics PL and 
wafer W, in order to exist, it isdesirable to make as narrow as 
possible. 

But, when operation distance d is too small, because there is 
apossibility surface of wafer W contacting lens 4, it 
isnecessary to have excessively Yutaka of to a certain degree. 

Then, operation distance d is set to 2 mm extent as one 
example . 

this way operation distance d because it is short, extentwhere 
there is a transmittance for exposure light of liquid 7 also is 
low, the absorbed amount of exposure light quite is little. 

Next, referring to Figure 5 -Figure 7 concerning second 
embodiment of this invention , youexplain. 

this example , when this invention is exposed with projection 
exposure apparatus of step *and *scanning system , 
issomething which is applied. 

As for Figure 5 , with front view which shows bottom , liquid 
supply apparatus 5, and liquid recovering equipment 6 etc of 
projection optics PLA of projection exposure apparatus of this 
example , attaching, as for the lens 32 of bottommost end of 
tube 3 A of projection optics PLA, leaving just portion where 
tip portion 32A is necessary for scan exposure, in Y 
direction(Non- scan direction) it is shaved in long and narrow 
rectangular same symbol on the portion which corresponds to 
this Figure 4 in Figure 5 which it shows. 

pattern image of portion of reticle projection is done at time 
ofscan exposure, in exposed region of rectangular of directly 
below of tip portion 32A,reticIe (not shown in the diagram ) 
-X synchronization doing in order to move to direction(Or +X 
direction) with velocity V vis-a-vis projection optics PLA, 
through X-Y stage 10, wafer W+X in direction (Or -X 
direction) moves with velocity ;be & V (As for;be projection 
draw ratio ). 

And, after exposure end to shot region of one , following shot 
region moves to scan starting position with stepping of wafer 
W, exposure to each shot region sequential is done with 
following step *and *scanning system . 

During scan exposing with application of liquid immersion 
method , liquid 7 isfilled up between surface of lens 32 and 
wafer W regarding the this example . 

Supply and recovery of liquid 7 are done with respective 
liquid supply apparatus 5 and liquid recovering equipment 6. 

As for Figure 6 , tip portion 32A and liquid 7 of lens 32 of 
projection optics PLA itsupplies to X direction and discharge 
nozzle in order to recover and the positional relationship of 
influx nozzle are shown, shape of tip portion 32A of the lens 
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32 in Y direction has become long and narrow rectangular in 
the this Figure 6 , In order to put between tip portion 32 A of 
lens 32 of projection optics PLA to X direction, discharge 
nozzle 21a~21c of 3 is arranged in +Xdirection side , influx 
nozzle 23a, 23b of 2is arranged in -Xdirection side . 

And, discharge nozzle 21a~21c through supply hose 21, is 
connected by liquid supply apparatus 5, theinflux nozzle 23a, 
23b through recovery tube 23, is connected to liquid 
recovering equipment 6. 

In addition, discharge nozzle 21a~21c and influx nozzle 23a, 
23b almost 180 deg in thearrangement which turned, 
discharge nozzle 22a~22c and influx nozzle 24a, 24b are 
arranged. 

sequence it is done discharge nozzle 21a~21c and influx 
nozzle 24a, 24b alternately in Y direction, sequence is done 
discharge nozzle 22a~22c and influx nozzle 23a, 23b 
alternately in Y direction, discharge nozzle 22a~22c through 
supply hose 22, isconnected by liquid supply apparatus 5, 
influx nozzle 24a, 24b through recovery tube 24, isconnected 
to liquid recovering equipment 6. 

And, moving wafer W to scan direction (-X direction) which 
is shown with the arrow of solid line , when it does scan 
exposure, using supply hose 21, discharge nozzle 21a~21c, 
recovery tube 23, andinflux nozzle 23a, 23b, it supplies liquid 
7 with liquid supply apparatus 5, and liquid recovering 
equipment 6 and it recovers, in order to fill up between lens 
32 and wafer W,-X it lets flow liquid 7 to direction. 

In addition, moving wafer W to direction (+X direction) 
which is shown with arrow of double-dot, dashed line , when 
it does scan exposure, using supply hose 22, discharge nozzle 
22a~22c, recovery tube 24, and influx nozzle 24a, 24b, liquid 
7 it supplies and it recovers, in orderto fill up between lens 32 
and wafer W, +X it lets flow the liquid 7 to direction. 

When +X direction, or -X wafer W is scanned in 
bothdirection of direction by changing direction which lets 
flow the liquid 7 according to scan direction, tip 32A of lens 
32 and it ispossible to fill up between wafer W with liquid 7 
high resolution and wide focus depth is acquired. 

In addition, supply amount Vi of liquid 7 
(m<sup>3</sup>/s ), and it decides recovered amount Vo 
(m<sup>3</sup>/s ),with formula below. 

Vi=Vo=D<sub>SY</sub>*v*d (4) 

Here, EKsub>SY</sub> is length (m ) of X direction of tip 
portion 32A of the lens 32. 

Now lens 32 and it is possible in during scan exposing to fill 
upbetween wafer W in stability with liquid 7. 
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Furthermore, quantity and shape of nozzle are possible 
tosupply liquid 7 with nozzle of 2 pairs not to be something 
whichespecially is limited, concerning long edge of for 
example tip portion 32A or torecover. 

Furthermore, in case of this , +X direction, or -X inorder and 
to try to be able supply liquid 7 from both direction 
ofdirection recover, arranging discharge nozzle and influx 
nozzle into the top and bottom , it is possible to arrange. 

In addition, wafer W case where step it moves in Y direction, 
in same way as first embodiment , it supplies liquid 7 from Y 
direction and it recovers. 

step it moves in non- scan direction (-Y direction) where 
Figure 7 the positional relationship of tip portion 32A of lens 
32 of projection optics PLA and shows discharge nozzle for Y 
direction, and influx nozzle when wafer crosses in 
scandirection in this Figure 7 , using discharge nozzle 27a, 
and influx nozzle 29a, 29b which the sequence are done for Y 
direction, supply and recovery of liquid 7 action, In addition, 
when wafer +Y step it moves in direction,using discharge 
nozzle 28a, and influx nozzle 30a, 30b which sequence are 
done for Y direction, it supplies liquid 7 and it recovers. 

In addition, supply amount Vi of liquid 7 
(m<sup>3</sup>/s ), and it decides recovered amount Vo 
(m<sup>3</sup>/s ),with formula below. 

Vi=Vo=EKsub>SX</sub>*v*d (5) 

Here, D<sub>sx</sub> is length (m ) of Y direction of tip 
portion 32A of the lens 32. 

Is possible fact that it continues to fill up between lens 32 and 
wafer W with liquid 7 in same way as first Working 
Example , also theoccasion where step it moves to Y direction 
by adjusting the supply amount of liquid 7 according to 
mobility v of wafer W. 

Like above case where wafer W is moved, by letting flow the 
liquid to direction which responds to movement direction , to 
continue tofill up between tip portion of wafer W and 
projection optics PL with liquid 7,it is possible. 

Furthermore, in above-mentioned embodiment liquid which is 
used as liquid 7 is not something which is limited in 
especially pure water ,there being a permeability for exposure 
light , refractive index is high as much aspossible, in addition, 
can use stable thing (for example [sedaa ] oil etc) vis-a-vis 
photoresist which application is done in projection optics and 
wafer surface . 

In addition, with chemically stable , namely transmittance for 
exposure light to be highmay use fluorine type inert liquid 
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which is a safe liquid as liquid 7. 

As this fluorine type inert liquid , you can use for example 
Fluorinate (tradename of United States 3M Co. ). 

this fluorine type inert liquid is superior even in point of 
cooling effect . 

In addition, to be possible to reuse liquid 7 which recovers 
with theaforementioned each embodiment in case of this filter 
which removes impurity from liquid 7 which recovers it is 
desirable to provide in liquid recovering equipment , or 
recovery tube etc. 

Furthermore, range which lets flow liquid 7 in order to cover 
the entire area of projection region (irradiated region of 
exposure light ) of pattern image of reticle , if it should 
havebeen set, size may be option , but when controlling flow 
rate , flow etc, like aforementioned each embodiment 
enlarging a little incomparison with exposed region , it is 
desirable to make that range as smallas possible. 

Furthermore, liquid which is supplied all recovering becauseit 
is difficult, in order for liquid not to overflow from on the 
Zstage , surrounding for example wafer , forms barrier with 
influx nozzle , liquid inside barrier it is desirable furthermore 
to provide the pipe which recovers. 

In addition, with aforementioned each embodiment let flow 
liquid 7 alongside movement direction of wafer W (X-Y stage 
10 ), but as for direction whichlets flow liquid 7 it is not 
necessary to agree to movement direction . 

Namely, movement direction it is possible to cross direction 
which letsflow liquid 7, when +X moving for example wafer 
W to direction, -X the velocity component of direction of 
liquid 7 zero , or alongside directionwhich is below 
predetermined allowable value liquid 7 it should have let 
flow. 

Because of this, when exposing wafer with step *and *repeat 
system , or step *and *scanning system (step *and *stitch 
system is included together. ),movement direction being short 
time (for example several hundred ms extent), changing to 
frequent , following tothat, it controls direction which lets 
flow fluid , it ispossible to fill up liquid between projection 
optics and wafer . 

In addition, before with projection exposure apparatus of step 
*and *scanning system , in order between the shot region for 
velocity component of scan direction or non- scan direction of 
the X-Y stage together not to become zero at time of moving 
the wafer , namely after scan exposure end between shot 
region of one in(Before velocity component of scan direction 
becomes zero ) in speed reduction of X-Y stage stepping 
(Movement to non- scan direction) of X-Y stage is 
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started,stepping ends, in (Before velocity component of non- 
scan direction becomes zero , in the speed reduction of for 
example X-Y stage ), In order to start acceleration of X-Y 
stage in order it scans toexpose following shot region , 
movement of X-Y stage is controlled. 

It controls direction which lets flow liquid according to the 
movement direction of wafer even with when a this way, it is 
possible to fillup liquid between projection optics and wafer , 

Furthermore, it can apply to also projection exposure 
apparatus for liquid crystal whichexposes liquid crystal 
display element pattern to glass plate of for example angular 
type without being limited in projection exposure apparatus 
for semiconductor manufacture as application of projection 
exposure apparatus of this example , and projection exposure 
apparatus in order to produce thin film magnetic head widely. 

In addition, reticle or mask which is used with exposure 
apparatus for device production which produces 
semiconductor element etc, there are times when itproduces 
with exposure apparatus which uses for example far 
ultraviolet light or vacuum ultraviolet light , they canuse 
projection exposure apparatus of aforementioned each 
embodiment for ideal regardingabout photolithography 
process which produces reticle or mask . 

Furthermore, from DFBsemiconductor laser or fiber laser as 
illumination light for exposure the for example erbium (Er ) 
(Or both of erbium and ytterbium (Yb )) amplifying does 
single wavelength laser of infrared region or visible region 
which oscillation is done, with fiber amplifier which doped is 
done, making useof harmonic which wavelength conversion is 
done to ultraviolet light at same timemaking use of nonlinear 
optics crystal is good. 

In addition projection optics PL is good with whichever of 
bending type, reflectedtype and reflected bending types. 

As reflected bending system, way it is disclosed in for 
example U.S. Patent 5788229 number,refracted light study 
element of plural and optical system which is arranged on 
optical axis which extends to one straight line being able to 
bend 2 reflected light study element (As for at least one 
concave mirror ), without can be used. 

With exposure apparatus which possesses reflected bending 
system which isdisclosed in this U.S. Patent , it is closest to 
wafer , namely optical element which contacts with liquid 
becomes reflected light study element . 

Furthermore, if Designated State , which is appointed with 
this International Patent Application or domestic law of 
selective country which is selected you permit invoking 
thedisclosure of this U.S. Patent in, although this text it makes 
part whichit states. 
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In addition, as it installs illuminating optical system , 
projection optics which configuration is done in the exposure 
apparatus main body from lens of plural and adjusts optics , 
installing the reticle stage and wafer stage which consist of 
multiple mechanical part in exposure apparatus main 
body installing pipe (supply hose , discharge nozzle etc) in 
order connect metallization and pipe ,supply liquid and to 
recover, Furthermore projection exposure apparatus of this 
embodiment can be produced by doing thecomprehensive 
adjustment (electricity adjustment and operation verification 
etc). 

Furthermore, as for production of projection exposure 
apparatus it is desirable to do with clean room where 
temperature and cleanliness etc are managed. 

And, semiconductor device is produced step , device 
assembly step which exposes the pattern of reticle to wafer 
step , which produces wafer from step , silicon charge which 
produces reticle which is based on the step , this step which 
functions & designs device performance with projection 
exposure apparatus of the embodiment which is mentioned 
earlier (dicing step, bonding step, package step is included. ), 
passing by inspection step etc. 

Furthermore, this invention is not limited in above-mentioned 
embodiment ,gist of this invention can take various 
configuration in range which does notdeviate. 

Furthermore, specification , Claims , drawing , and summary 
are included, all disclosed content of the Japanese Patent 
Application 10-79263 number of 1998 March 26date 
submitting, quotation doing entirely thatway, is installed here. 

possibility of utilization on industry 

According to projection exposure method of first or second of 
this invention , because liquid immersion method isused, be 
able to expand to approximately n times (As for n refractive 
index of liquid which is used) of focus depth in the focus 
depth of pattern image of mask in air , microscopic pattern in 
stability transfer is possible with high resolution . 

Therefore, semiconductor device etc of high degree of 
integration mass production is possible with thehigh yield 
rate . 

In addition, in order occasion where substrate is moved 
alongside specified direction , to fill up between surface of tip 
portion and substrate of optical element of substrate side of 
projection optics , in order to let flow liquid alongside 
movement direction of substrate , liquid immersion method 
can use tip portion of projection optics and between surface of 
the substrate even occasion where substrate is moved by 
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liquid beingfilled up. 

In addition, when foreign matter has deposited on substrate , 
there is a benefit that sink it can go away from foreign matter 
which on substrate has deposited it is possible to assure 
improvement of yield rate of final product . 

Next, according to projection exposure apparatus of first or 
second of this invention , first or second projection exposure 
method of this invention can be executed. 

In addition, when supply amount , of liquid and recovered 
amount (flow ) is adjustedaccording to mobility of substrate 
stage , mobility of stage changing,it is possible to maintain tip 
portion of projection optics and quantity of liquid which 
exists between surface of substrate uniformly. 

[Brief Explanation of the Drawing (s )] 

Figure 1 is figure which shows conceptual configuration of 
projection exposure apparatus which isused in first 
embodiment of this invention . 

Figure 2 is figure which shows positional relationship of tip 
portion 4A of the lens 4 of projection optics PL of Figure 1 
and discharge nozzle for X direction andinflux nozzle . 

Figure 3 is figure which shows of tip portion 4A of lens 4 of 
the projection optics PL of Figure 1 and positional 
relationship of discharge nozzle and influx nozzle which 
supplies liquid from Y direction and recovers. 

Figure 4 is lens 4 of Figure 1 and enlarged view of 
principalpart which shows circumstances of supply and 
recovery of liquid 7 to between wafer W, 

Figure 5 is front view which shows bottom end , liquid supply 
apparatus 5, and liquid recovering equipment 6 etc of the 
projection optics PLA of projection exposure apparatus which 
is used in second embodiment of this invention . 

Figure 6 is figure which shows positional relationship of tip 
portion 32A of the lens 32 of projection optics PLA of Figure 
5 and discharge nozzle for X direction andinflux nozzle . 

Figure 7 is figure which shows of tip portion 32A of lens 32 
of the projection optics PLA of Figure 5 and positional 
relationship of discharge nozzle and influx nozzle which 
supplies liquid from Y direction and recovers. 

[Figure 1 ] 
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[Figure 2 ' 
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[Figure 4 ] 
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[Figure 5 ] 
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[Figure 6 ] 
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